Background. The German health care system, renowned for its unrestricted access, high quality care, and comprehensive coverage, is challenged by increasing health care costs. This has been attributed partly to inefficiencies in the in-patient sector, but has been studied little. Attempts at quality improvement need to relate costs to outcomes. Until now, there has been no standardized methodology to evaluate the appropriateness of hospital care.
services. Since the single largest budget item for medical care until recently was hospital care, efforts have been made to reduce costs in this sector, particularly through avoiding unnecessary and prolonged hospitalizations. Eliminating unnecessary hospitalizations may also improve the quality of care and increase access to care for patients on waiting lists in some health care systems [1] .
Substantial rates of inappropriate hospital care have been reported in several countries [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , but few centers have been able to reduce inappropriate care using the results of such studies [12, 14, 15] . Avoiding inappropriate hospital care is difficult, in part because its determinants are multifactorial and include to various degrees practice patterns, patient characteristics, the organization of in-hospital care, the coordination between hospital care and other providers within the health care system, and financial incentives.
The German health care system, internationally renowned for unrestricted access, high quality care and comprehensive coverage, is particularly challenged, since the number of hospitalizations per capita and average length of stay (LOS) is substantially higher than in most industrialized countries. Hence, there are increasing efforts to reduce hospital admissions and inappropriate in-patient care. Beginning in 1995, the sickness funds commissioned statewide review organizations (MDK, comparable to the US Physician Review Organizations) to conduct systematic reviews of selected Figure 1 Patient sampling. hospital departments. However, the review methodology was developed ad hoc and has not been tested for reliability and validity.
The aim of this study was to develop and evaluate the of factors potentially responsible for such medically unmetric properties of a method to assess the appropriateness necessary episodes of care using a complementary list of of hospital care in Germany based on a widely used measure, reasons and alternatives ('reasons list'). the Appropriateness Evaluation Protocol (AEP).
The AEP also rates the appropriateness of hospital admissions using 17 criteria, which pertain to clinical stability of the patient, necessity of medical interventions, and planned surgical procedures within 24 hours. An admission is deemed Methods appropriate if one or more of these criteria are satisfied. The AEP allows an 'override' option, enabling the reviewer to Modification of the AEP evaluate an admission or particular hospital day as 'apThe methodology to assess the appropriateness of in-patient propriate', despite the absence of one criterion. Conversely, care in Germany was based on the AEP, developed by it may be classified as 'inappropriate', even if one or more Gertman and Restuccia in 1981 [2] , and later modified [16] of the criteria are met. and validated as a technique to assess unnecessary days of
The original instrument was translated into German by a hospital care. The instrument has been implemented in many native English speaker who was fluent in German, and by a hospitals and has proven useful [6, 8, 12, [16] [17] [18] . Method-German health care professional who was fluent in English. ological studies of the AEP have focused on its reliability All items were reviewed by an expert panel, including and validity [2, 8, [19] [20] [21] [22] [23] , adaptation of the original protocol representatives from professional societies of surgery, geto different kinds of hospitals, units within hospitals, or riatrics, and internal medicine, from different State MDKs diagnostic groups [3, 19, 24] , or the denominators used to and from the Department of Epidemiology of the University obtain inappropriateness rates [6] .
of Munich, who provided methodological expertise. Changes The AEP uses 27 criteria to assess the appropriateness of were considered whenever criteria were not German health each hospital day (11 relate to medical services/procedures, care practices, or health services not provided in Germany. seven to nursing/life support services, and nine to clinical New criteria were added if newer developments in practicing characteristics of the patient necessitating close observation). medicine were not considered in the original AEP. Once a day has been identified as medically unnecessary (i.e.
The instrument was then converted to a computerized no information in the medical record corresponding to any version, allowing reviewers online access and providing multiple pull-down menus to ease chart abstraction and to permit of the 27 explicit criteria), the AEP also allows the description Figure 2 Distribution of overall and specific inter-rater agreement in 54 surgical patients. data entry in a database with automated plausibility checks. examine inter-rater-reliability, four additional reviewers (two board-certified internists, two surgeons) from the MDK of The instrument is available on the internet [25] .
the State of Bavaria reviewed 30 charts each, previously abstracted by physicians from the Hessen MDK.
Study design and patient sample
The study was carried out at a 400-bed teaching hospital in Statistical analyses Frankfurt, Germany, which volunteered its data. All patients admitted to general internal medicine and surgery were eligible Sample size estimates were based on the ability to detect a rate of inappropriate hospitalizations per bed days of 15% ±3% for retrospective evaluation with the AEP. A stratified sample, with 60 strata based on age (less than, and greater than or [proportion ±standard error] with a statistical power of 90%. equal to median age), hospital length of stay (less than, and greater than or equal to median LOS), 14 most prevalent Reliability between reviewers (inter-rater) and within one reviewer (intra-rater) was calculated for admission and each diagnoses, and one stratum including the remaining diagnoses, was drawn from discharge lists. Prior to sampling, patients hospital day in three ways: (1) overall agreement by dividing the number of patients where both reviewers agreed on covered by private health insurance or welfare were removed from the list since review of medical records by the MDKs appropriateness of a day by all patients on that specific day (e.g. admission, day 1 and so forth); (2) specific agreement to assess appropriateness was only allowed for patients covered by national health insurance (>90% of the popu-by dividing the number of patients where both reviewers agreed on appropriateness by the total number of patients; lation). The sampling is displayed in Figure 1 . Complete hospital stays of each sampled patient, including admission and (3) overall agreement between pairs of reviewers by Cohen's kappa statistic [26] , which adjusts for the amount and all hospital days, were studied.
Three board-certified internists (reviewing medical patients) of agreement occurring by chance alone. It should be noted that the value may be paradoxically low as observed in and three board-certified surgeons (reviewing surgical patients) who are employed by the MDK of the State of these data when overall agreement is high, particularly when the prevalence of appropriate days is low, also as observed Hessen conducted the reviews. Reviewers were instructed to base their admission assessment only on the basis of the in these data [27] .
Previous reports on the reliability of instruments measuring medical information relative to the day of admission and the following 24 hours. After 3 weeks, two internists and two appropriateness of hospital care treated all hospital-days in the same way, disregarding whether they were the first, second surgeons were asked to review 25 medical records each to assess intra-rater reliability. None of the reviewers was aware or the last days a patient stayed in a hospital. No justification was provided for why inter-rater reliability should be the of this reliability exercise at the time of the initial review. To The number of patients eligible for hospital day evaluation has been reduced by the number of patients leaving on the same day.
same at the beginning, the middle, and the end of a stay. patients (days 1-22 in general internal medicine, days 1-14 in surgery). Overall and specific percentage agreement was Therefore, we calculated reliability for individual days in the course of a hospitalization (i.e. for the admission day, day 1, also calculated for the sum of all hospital days. Overall, for hospital days is computed according to Fleiss [28], after day 2, . . .) [2, 8, 23] . Since there are increasingly fewer patients with longer hospital stays, we restricted the reliability evalu-testing whether the values are equal among days with Cochran's Q-test [29] . Landis and Koch suggested that ation to those days for which we could identify at least eight [30] . We explored further the association between age, gender, The following changes were made to the criteria for admission comorbidity, and hospital length of stay, and inappropriate of the original AEP after extensive review of the expert panel. hospital admission. Stratified analyses of inappropriate hos-Three criteria were omitted from the list of medical services pital days also included admission status (appropriate, in-('thoracentesis or paracentesis that day', 'any test requiring strict appropriate). The mean of patient-specific proportions of dietary control'), one criterion from the list of nursing/life inappropriate hospital days over all days is an unbiased support services ('intramuscular and/or subcutaneous injections estimate of the overall proportion, taking the dependence of at least twice daily') and one criterion from the list of patient hospital days within patients into account; 95% confidence conditions ('coma for at least 1 hour') because they were limits were calculated with the empirical standard deviation considered as not requiring in-patient therapy, each being of the mean proportion and normal approximation [31] . To redundant or too infrequent to make up a single criterion. One compute the overall proportion of inappropriate hospital criterion was modified to allow a post-operative day for any admissions/stays, proportions were re-weighted according to procedure with a high risk of developing clinical complications. the stratified sample weights. Predictors of inappropriate Two items were omitted from the list for appropriate admissions admissions were analyzed by fitting a multiple logistic re-('wound dehiscence or evisceration', 'intramuscular antibiotics gression model to the data [32]. Because hospital days for a at least every 8 hours') because these are performed as outpatient given patient and their appropriateness are not independent, services for most patients. confidence limits were adjusted by generalized estimating equations [33] . We assumed a first-degree autoregressive Sample characteristics covariance structure and estimated empirical standard errors.
During 1997, 2317 patients were admitted to the Department All analyses were performed on a personal computer using the SAS statistical software package version 6.10 [34].
of General Internal Medicine and 2672 to the Department for the reliability of admission appropriateness are 74% hospital episodes. In internal medicine and surgery, 242 (62-86%) overall agreement, and 0.44 (0.21-0.67). and 260 records were available for review, respectively. The difference between the numbers in the target samples and Inter-rater reliability among internists those that were reviewed was due to missing records (n= 29), miscoding of insurance status (n=9), or incomplete Inter-rater agreement was calculated among 49 medicine medical records (n=30).
patients. Figure 3 shows overall and specific agreement as Patients in medicine had an average age of 66.1 (±18.1) well as statistics for admissions and consecutive hospital years, were 53.7% female, and had an average LOS of 14.5 days. Overall agreement between two reviewers was 76% (±11.5) days. Surgical patients were 54.1 (±20.9) years old, (73-80%), with an average value of 0.42 (0.34-0.49) for 58.9% female, and had an average LOS of 9.9 (±10.4) days. all hospital days, and 92% (85-100%) with a value of 0.31 (0-0.80) for admissions. Kappa values did not differ among Inter-rater reliability among surgeons days (Q K =15.2, P=0.82).
Fifty-four patients were available for the inter-rater agreement Intra-rater reliability among surgeons substudy among surgical patients. Overall and specific agreement and statistics between two different reviewers, in-Intra-rater reliability was assessed for 51 surgery and 49 medicine patients. Medical records were reviewed twice, 3 cluding 95% confidence limits for individual hospital days, (Table 1) . Age, gender, and hospital LOS was not (0.65-0.81), respectively. One surgeon, however, had through-associated with the proportion of inappropriate hospital days. out worse reliability results, although the value failed to In surgical patients, the highest rates of inappropriate care differ significantly (Q K =20.5, P=0.058). were among the very old (80-89 years), and among patients with either short (1-7 days) or longer (>3 weeks) hospital Intra-rater reliability among internists stays (Table 2) . Patients with an inappropriate admission had significantly more unnecessary consecutive hospital days. Intra-rater reliability between the two internists was excellent with overall agreement of 96% (88-100%) for admissions When we restricted the analysis of proportions of inappropriate hospital days to patients with an appropriate and 93% (91-95%) for hospital days. The corresponding values were 0.65 (0.2-1) and 0.82 (0.77-0.88), respectively. admission, unnecessary hospital days were found only in 15 .7% of patients with a length of stay <1 week. Both internists had comparable results, although one internist did not judge any admissions among his sample (n=25)
Six per cent of all admissions and 33% of consecutive hospital days were judged inappropriate among 240 patients inappropriate; hence it was not possible to calculate a corresponding statistic.
admitted to the Department of General Internal Medicine ( Table 3 ). Women had a higher proportion of inappropriate days (Table 4 ). However, in medicine patients, length of hospital stay appears to be a protective factor and being hospital days than men. Inappropriateness was equally disfemale increases the risk of inappropriate days 1.5 times tributed among age groups, with highest rates among the (Table 5) . 60-69 year olds and among patients Ζ49 years. Patients with an appropriate admission had a higher proportion of inappropriate consecutive hospital days; however, only 14 of the 240 admissions were considered unnecessary. Hospital Discussion length of stay was significantly associated with inappropriateness of care. This effect was pronounced when Internationally, the AEP has emerged as the most commonly we restricted the analysis to patients who were appropriately used instrument in the assessment of hospital care. The admitted (length of stay 1-7 days=12.3 inappropriate hos-strengths and limitations of the instrument are well docupital days; 8-14 days=32.2%; 15-21 days=33.4%; 22-28 mented in the United States, where it was developed and days=24.9%; [29 days=38.9).
evaluated [2, 4, 16, 18, 24, 35, 36] . In Germany, identification of When we simultaneously adjusted for gender, age, ap-inappropriate hospital care has just emerged as a candidate propriateness of admission, length of stay, and number of for achieving substantial savings within health care. Regional comorbid conditions, there was a consistent increase in the review organizations (MDKs) have initiated systematic utilprobability of inappropriate hospital days with an increase in ization reviews of hospital departments; however, the methodthe time since admission. In the Department of Surgery, ology and instruments applied were ad hoc in nature and having an inappropriate admission or more than three com-were never formally tested for psychometric properties.
The aim of this study was to adapt and validate the AEP orbid conditions increased the likelihood of inappropriate
